A one-pot synthesis of a hybrid triterpenoid-steroid molecule, hollongdione (22,23,24,25,26,27-hexanordammar-3,20-dion), was achieved in a yield of 89%, based on the selective dehydration of dipterocarpol following ozonolysis. The structure of hollongdione was confirmed by X-ray analysis for the first time. ,24(25)-dien inhibited the growth of Mycobacterium tuberculosis (strain H37Rv) in vitro with a MIC of 50 µg/mL.
Triterpenoids are а large and structurally diverse group of natural products, which are produced by a wide variety of plants and by some animals and which are also major components of plant resins [1] . Triterpenoids with well-characterized biological activities include sterols, steroids, and saponins.
Due to their high profile biological activity, steroids are among the most important secondary metabolites. They have the ability to regulate a variety of biological processes and thus are potential drug candidates for the treatment of a large number of diseases including prostate cancer [2] , autoimmune diseases [3] , and osteoporosis [4] . The synthesis and study of steroids and their analogs continues to be a topic of widespread interest.
Hybridization of natural products represents one of the most promising and fundamentally novel approaches to the design of new lead structures in medicinal chemistry [5] . This idea is inspired by nature itself, since many known natural products are built of such fragments arising from different biosynthetic pathways [5, 6] .
On the other hand, creation of hybrid molecules can consist of designing the separate parts (cycles, side chain) of the natural metabolites. An example of this is the hybrid oleanane 4,4dinortriterpenoids with an A-steroidal cycle [7, 8] .
Besides, hybridization of two or more natural products and conjugation of the different natural product platforms with drugs or pharmacophores (for example, isoniazid, 4-aminoquinoline, -tocopherol, and AZT) is known to exhibit either increase in or emergence of anti-tubercular [9] , antimalarial [10] , and anti-HIV [11] activities, or might provide lipid solubility, receptor selectivity or membrane-binding properties [12] .
The Dipterocarpaceae is an important family of trees which grow in south-east Asia and which are characterized by an abundant secretion of resins, such as dammar, which possess economic importance [13] . Dipterocarpol is the major metabolite of oleoresins of Dipterocarpus species [14] . Chemical transformations of dipterocarpol have been described, such as preparation of N-vinylpyrrolidone, γ-lactone, alkoxytetrahydrofuran, hydroxy-, epoxy-, oximino-and heterocyclic derivatives [15] [16] [17] . It was demonstrated that dammarane triterpenoids possess anticancer [18] , antiviral [19] , and immunostimulating [20] activity.
As part of our ongoing program on the synthesis of novel biologically active derivatives of natural metabolites using oxidation reactions [16, [21] [22] [23] [24] [25] [26] [27] , and considering the high pharmacological potential of dammarans, we report here a one-pot synthesis of hollongdione (3) -a hybrid triterpenoid-steroid molecule, from dipterocarpol (1) . Hollongdione is a crucial intermediate in the synthesis of the potent immunosuppessive agent 17α-23-(E)-dammara-20,23-diene-3β,25-diol [20] . Hollongdione possesses an acetyl group at C17 with a β-configuration, which makes its structure close to that of pregnane steroids. Hollongdione was first isolated from Dipterocarpus pilosus in 3% yield [28] . (1) in four or more stages was described. According to Crabbé et al. [14] and Révész et al. [20] , dehydration of dipterocarpol (1) was carried out by heating in either DMSO or POCl 3 /pyridine yielding a mixture of isomeric 24,25-dehydrodammarans with double bonds at C20 (22) . This mixture underwent ozonolysis giving two 20-oxo-derivatives with 22,23,24,25,26,27hexanordammar-and dammar-24,25-dihydro-skeletons in yields of 12 and 50%, respectively.
To overcome the limitations of the above methods we have found the conditions for selective dehydration of dipterocarpol (1). The reaction of 1 under reflux in AcOH for 2 h led to dammar-20 (22) ,24(25)-dien (2) as the only regioisomer in 90% yield after crystallization from a n-hexane-benzene mixture (Scheme 1). Application of either p-TsOH or H 2 SO 4 for dehydration was less selective (data not shown). Since effective and simple preparation of 2 was achieved, we carried out a one-pot synthesis of 3. For this purpose, a solution of 1 in AcOH was refluxed for 2 h and then, without isolation, was oxidized by ozone at 0ºC until the starting compound disappeared. After treatment and crystallization from benzene, hollongdione (3) was isolated in 89% yield.
The structures and stereochemistry of compounds 1 -3 were derived from 1 H and 13 C NMR spectra ( Table 1 ). The chemical shifts for compounds 1 -3 were assigned to the individual hydrogen and carbon atoms using two-dimensional techniques such as COSY, NOSY, HMBS and HSQC. The structure of dammar-20 (22) ,24(25)-dien-3-on (2) was assigned by NMR spectroscopy, including 2D methods (HSQC, HMBC, COSY and NOESY). When compared with 1, the absence of low-field oxymethine signals due to C20 in the 13 proton H22 ( H 5.13) to the C17 (δ C 50.83) and C24 (δ C 124.89) methine carbons and methine proton H24 ( H 5.08) to the C22 carbon (δ C 128.32), respectively, supported the structure of 2.
The 13 C NMR spectrum of hollongdione (3), along with DEPT experiments, revealed the presence of 24 carbons and indicated two ketone carbons at C3 and C20 with chemical shifts at δ C 217.99 and 212.28 ppm. HMBC correlation of the methyl protons at  H 2.15 with the quaternary carbon at δ C 212.28 ppm indicated the presence of a methyl ketone group, the position of which at C17 was determined using the HMBC correlations H13/С21, H17/С20 and Н ax 16/С20 (Figure 1 ). The NOESY spectrum clearly showed the cross-peak between methine proton Н17 ( H 2.61) and methyl Н30 ( H 0.88 ppm), disclosing the spacial proximity between these hydrogens and, therefore, the α-orientation of H17. This finding was in agreement with the value 3 J 17-13 = 3 J 17-16ax = 10.9 Hz observed in the 1 H NMR spectrum, consistent with transdiaxial coupling. Generally, the spectral data for rings A, B, C, and D and side chain of compounds 1 -3 are in complete agreement with those reported for dammaranes [20, 29, 30] . In [16] the X-ray analysis of dipterocarpol 1 was reported.
The structure of hollongdione (3) was also confirmed by X-ray analysis (Figure 2 ). The structure of 3 resembles those of recently studied oxotriterpenoids [23, 31] . Six-and five-membered rings usually adopt chair and envelope conformations, respectively. The crystal structure of 3 is stabilized by ordinary van-der-Waals interactions. Among triterpenoids only some dammarans have demonstrated antitubercular activity against Mycobacterium tuberculosis (MTb). For example, 3β-hydroxydammara-20 (22) ,24(25)-dien exhibited an activity with a MIC of 32 µg/mL [32] . The antitubercular activity of dammarans 1 -3 was evaluated at the National Institute of Allergy and Infectious Diseases. It was found that compound 2 inhibited the growth of MTb (strain H37Rv in vitro) at MIC 50 µg/mL and compounds 1, 3 at MIC ˃ 100 µg/mL.
Experimental
General: 1 H and 13 C NMR spectra were recorded on a Bruker AM-300 spectrometer (500 and 75.5 MHz, respectively, δ, ppm, J, Hz) in CDCl 3 , internal standard -tetramethylsilane. Melting points were detected on a microtable Boetius. Optical rotations were measured on a Perkin-Elmer241MC polarimeter (Germany) in a tube of 1 dm length. TLC analysis was performed on Sorbfil plates (Sorbpolimer, Russian Federation) using chloroform -ethyl acetate, 40:3. The substances were detected by a 10% solution of H 2 SO 4 with subsequent heating at 100 -120ºC for 2 -3 min. The ozone generator used was Ozone -4K (Russian Federation). Dipterocarpol (1) was isolated from Dipterocarpus alatus according to [16] . monochromator, -scans, 2<29) at 100K. The structure was solved by direct methods and refined by the full-matrix leastsquares procedure in anisotropic approximation. 2806 independent reflections [R int = 0.0608] were used in the refinement procedure that was converged to wR 2 = 0.11108 calculated on F 2 hkl (GOF = 1.036, R 1 = 0.0450 calculated on F hkl using 2354 reflections with I>2(I)).
Dammar
CCDC 966944 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.
MIC assay:
In vitro antitubercular activity of compounds 1 -3 was assessed against aerobic Mycobacteruim tuberculosis H37Rv at the National Institute of Allergy and Infectious Diseases, US (NIAID, www.niaid-aacf.org), using the BacTiter-Glo™ assay method [33] .
